APPLICATION OF ACOUSTICS TREATMENT TECHNIQUES IN THE DESIGN OF AN ANGLICAN CATHEDRAL, ABUJA by Ademo, John Adeola & Covenant University, Theses
 
APPLICATION OF ACOUSTICS TREATMENT TECHNIQUES IN THE 






















APPLICATION OF ACOUSTICS TREATMENT TECHNIQUES IN THE 






ADEMO, JOHN ADEOLA 
(15CA03318) 




DISSERTATION SUBMITTED TO THE SCHOOL OF POSTGRADUATE 
STUDIES IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE 
AWARD OF MASTER OF SCIENCE (M.Sc) DEGREE IN ARCHITECTURE 
IN THE DEPARTMENT OF ARCHITECTURE, COLLEGE OF SCIENCE 









This is to attest that this dissertation is accepted in partial fulfilment of the 
requirements for the award of the degree of Master of Science [M.Sc.] in the 
Department of Architecture, College of Science and Technology, Covenant 
University, Ota, Nigeria and has been accepted by the School of Postgraduate Studies, 
Covenant University, Ota, Ogun state. 
 
 
Mr. John A. Philip                                                            .……………………………  




Prof. Akan B. Williams                                                ……………………………….  














I, ADEMO, JOHN ADEOLA (15CA03318) declares that this research was carried 
out entirely by me under the supervision of Dr. Anthony B. Sholanke of the 
Department of Architecture, College of Science and Technology, Covenant 
University, Ota, Ogun, Nigeria. I attest that the dissertation has not been presented, 
either wholly or partially, for any degree elsewhere. All sources of data and scholarly 
information used in this dissertation are duly acknowledged.  
 
 
ADEMO, JOHN ADEOLA                                            …………………………….                      





We certify that this dissertation titled “APPLICATION OF ACOUSTICS 
TREATMENT TECHNIQUES IN THE DESIGN OF AN ANGLICAN 
CATHEDRAL, ABUJA” is an original research work carried out by ADEMO, 
JOHN ADEOLA (15CA03318) in the Department of Architecture, College of 
Science and Technology, Covenant University, Ota, Ogun State, Nigeria under the 
supervision of Dr. Anthony B. Sholanke. We have examined and found this work 




Dr. Anthony B. Sholanke                                                          ……………………………….   
(Supervisor)                                                                                                Signature & Date  
 
Prof. Akunnaya P. Opoko                                                   ……………………………….   
(Head of Department, Architecture)                                                          Signature & Date  
 
Prof. Oludolapo O. Amole                                                         ……………………………….   
(External Examiner)                                                                                   Signature & Date  
 
Prof. Akan B. Williams                                                  ……………………………….   





This thesis is dedicated to the Almighty God, the one who imparted wisdom and 
understanding graciously to me. 
To my adored parents, Arc. And Mrs. Ademo, in conjunction with family and friends, 
for the support and assistance in all variations. 
And finally, to Cathedrals and churches alike whose congregants struggle with a sub-





Firstly, I would like to accredit all the glory and appreciation to my heavenly maker, 
the Almighty God. The sufficient grace afforded to me which enabled me to complete 
this dissertation cannot be fully overemphasized. I am eternally grateful to you, Lord. 
On a wider scene, I would like to appreciate the role of the Vice Chancellor for a very 
effective display of leadership in commandeering the progressive movement of the 
Institution in this academic session which in many ways assisted the development of 
this dissertation. 
I am also grateful for the Dean, School of Post Graduate Studies and the School of 
Post-graduate Studies for all involvements in assisting the completion of this 
dissertation. 
I want to also appreciate the Head of Architecture Department, for a very effective 
discharge of leadership duties within the department of Architecture which was very 
beneficial to me during the course of my dissertation. 
I would also like to exhibit special gratitude and appreciation to my supervisor for all 
of the guidance and direction which oversaw the success of this research. I want to 
also recognize the guidance from additional lecturers within the department of 
Architecture, you all were very helpful as well. 
I would also like to extend heartfelt gratitude to my family for the exceptionally 
consistent labour of love which motivated me during the course of this dissertation. 
Friends alike, I’d like to appreciate you all, particularly Anglican Boys Grams for all 
the support. I love you all. 
Finally, I’d like to offer special thanks to my respondents and others who assisted me 




TABLE OF CONTENTS  
CONTENTS                                                                                                                        Page 
COVER PAGE                                                                                                                             
TITLE PAGE                                                                                                                            i 
ACCEPTANCE                                                                                                                        ii 
DECLARATION                                                                                                                     iii 
CERTIFICATION                                                                                                                  iv 
DEDICATION                                                                                                                          v 
ACKNOWLEDGEMENTS                                                                                                    vi 
TABLE OF CONTENTS                                                                                                       vii 
LIST OF TABLES                                                                                                                xiii 
LIST OF PLATES                                                                                                                  xv 
LIST OF FIGURES                                                                                                            xviii 
ABSTRACT                                                                                                                           xix 
1.0          CHAPTER ONE: INTRODUCTION                                                                     1 
1.1 Background of the Study                                                                                             1 
1.2 Statement of the Research Problem                                                                             3 
1.3 Research Questions                                                                                                      5 
1.4 Aim of the Study                                                                                                          6 
1.5 Objectives of the study                                                                                                6 
1.6 Justification for the Study                                                                                            6 
1.7 Client and Users                                                                                                           7 
1.7.1       Client                                                                                                                           7 
1.7.2       Users                                                                                                                            7 
1.8 Scope of Study                                                                                                             8 
1.9 Overview of Methodology                                                                                           8 
viii 
 
1.10 Definition of Key Terms                                                                                          8 
2.0             CHAPTER TWO: LITERATURE REVIEW                                                   10 
2.1             Preamble                                                                                                                 10 
2.2             Historical Evolution of Christianity                                                                       10 
2.2.1          History of Christianity                                                                                            11 
2.2.2          History of the Anglican Faith                                                                                 14 
2.2.3          History of the Anglican Faith in Nigeria                                                                16 
2.2.4          Other elements of the Anglican Faith                                                                     18 
2.3             Ecclesiastical Architecture                                                                                     26 
2.3.1          History of Ecclesiastical Architecture                                                                    26 
2.3.2          History of Cathedral Architecture                                                                          27 
2.3.3          Evolution of Cathedral Architecture                                                                      28 
2.3.4          Purpose and Symbolism of Cathedrals                                                                   37 
2.3.5          Features of Cathedrals                                                                                            39 
2.3.6          Architectural challenges with Cathedral Architecture                                           41 
2.4             Acoustics                                                                                                                43 
2.4.1          Conception of Acoustics                                                                                        43 
2.4.2          Aspects of Architectural Acoustics                                                                        46 
2.4.3          Applications of Architectural Acoustics                                                                47 
2.4.4          Definition of Key Architectural Acoustics Terminologies                                    48 
2.4.5          Key Objectives of Good Architectural Acoustics                                                  55 
2.4.6          Limitations to Architectural Acoustics                                                                   59 
2.4.7          Treating Spaces for Architectural Acoustics                                                          59 
2.5             Listening Experience                                                                                              60 
2.5.1          The Listening Process                                                                                            60 
2.5.2          Types of Listening                                                                                                  64 
2.5.3          Factors that Affect Listening Experience                                                               65 
ix 
 
2.5.4          Relevance of good Listening Experience                                                               69 
2.5.5          Listening Experience as a perception of Sound Quality                                        70 
2.6             Summary of Gaps                                                                                                   72 
2.6.1          Cathedrals                                                                                                               72 
2.6.2          Listening Experience                                                                                              73 
2.6.3          Acoustics Treatment Techniques                                                                           73 
3.0             CHAPTER THREE: RESEARCH METHODOLOGY                                   74 
3.1             Preamble                                                                                                                 74 
3.2             Research Philosophy                                                                                              74 
3.3             Research Design                                                                                                     76 
3.4             Study Area                                                                                                              77 
3.5             Study Population                                                                                                    80 
3.5.1          Study Population of Documents for Literature review                                          81 
3.5.2          Study Population of Case Studies                                                                          81 
3.6             Sample Frame                                                                                                         82 
3.6.1          Criteria for Selecting Documents to be Reviewed                                                 82 
3.6.2          Criteria for Selecting Case Studies                                                                         82 
3.7             Sample Size Distribution                                                                                        85 
3.7.1          Sampling Method                                                                                                   86 
3.8             Data Source, Collection Instruments, Presentation, Analysis and Discussion       88 
3.8.1          Data Sources                                                                                                           88 
3.8.2          Data Collection Instruments                                                                                   88 
3.8.3          Data Presentation, Analysis and Discussion                                                          89 
3.9             Summary of Research Design                                                                                90 
3.10           Operational Definition of Variables                                                                       91 
3.11           Research Validity and Reliability                                                                           93 
3.12           Ethical Considerations                                                                                            93 
x 
 
4.0             CHAPTER FOUR: RESULTS                                                                           95 
4.1             Preamble                                                                                                                 95 
4.2             Acoustics Treatment Techniques Used in Large Halls to Enhance Users’  
      Listening Experience                                                                                              95 
4.2.1          Aim of Literature Review                                                                                       95 
4.2.2          Selection Criteria                                                                                                    95 
4.2.3          Acoustics Treatment Techniques                                                                           96 
4.2.4          Summary of Literature Review                                                                            112 
4.3             Extent to Which the Acoustic Treatment Techniques Used in Selected  
      Cathedrals Conform with Known Acoustic Treatment Techniques                    113 
4.3.1          Aim of Case Studies                                                                                             113 
4.3.2          Selection Criteria                                                                                                  113 
4.3.3          Case Study Analysis Criteria                                                                                113 
4.3.4          Domestic Case Studies                                                                                         115 
4.3.5          Foreign Case Studies                                                                                            145 
4.4             Satisfaction of Users with Their Listening Experience in the Selected  
      Cathedrals in the Study Area                                                                               159 
4.4.1          Aim of Survey                                                                                                      159 
4.4.2          Selection Criteria                                                                                                  159 
4.4.3          Questionnaire Analysis                                                                                        159 
4.5             Site and Environmental Study                                                                              168 
4.5.1          Aim of Site and Environmental Study                                                                 168 
4.5.2          Site Location                                                                                                        169 
4.5.3          Site Selection Criteria                                                                                           169 
4.5.4          Site Justification                                                                                                   171 
4.5.5          Climatic Data and Weather of Abuja                                                                   171 





5.0             CHAPTER FIVE: DESIGN CRITERIA AND APPROACH                        177 
5.1             Preamble                                                                                                               177 
5.2             Project Goals and Objectives                                                                               177 
5.3             Functional and Space Criteria                                                                              177 
5.3.1          Spaces, Sizes and Relationships                                                                           177 
5.3.2          Equipment and Operational Requirements                                                           178 
5.3.3          Performance Requirements                                                                                  179 
5.3.4          Services                                                                                                                181 
5.4             Legal and Planning Regulations                                                                           182 
5.5             Behavioural and Aesthetics Criteria                                                                     182 
5.5.1          Behavioural Criteria                                                                                             182 
5.5.2          Aesthetic Criteria                                                                                                  183 
6.0             CHAPTER SIX: DESIGN PHILOSOPHY, CONCEPTUALIZATION  
                  AND PROPOSAL                                                                                              185 
6.1             Preamble                                                                                                               185 
6.2             Concept and Justification                                                                                     185 
6.3             Design Development Process                                                                               185 
6.3.1          Site Zoning                                                                                                           187 
6.3.2          Bubble Diagrams                                                                                                  188 
6.3.3          Flow Charts                                                                                                          188 
6.3.4          Circulation Pattern                                                                                                188 
6.4             Conclusion                                                                                                            189 
6.5             Contribution to Knowledge                                                                                  189 
6.6             Recommendation                                                                                                  189 
6.6.1          Recommendation for further Studies                                                                   189 
6.6.2          Recommendation for the Architecture, Engineering and Construction Industry 190 
6.6.3          Recommendation for Policy Makers                                                                    191 
xii 
 
REFERENCES                                                                                                                     192 
APPENDICES 
APPENDIX I: QUESTIONNAIRE                                                                                       197 
APPENDIX II: OBSERVATION GUIDE                                                                             199 






LIST OF TABLES 
TABLES                                                                                                                                           Page 
3.1:  List of Orthodox Cathedrals in Abuja                                                                             81                      
3.2:  List of selected Church Denominations and their nationwide membership  
     population in Abuja (2021)                                                                                               83                      
3.3:  Sample frame for domestic case studies                                                                             84                      
3.4:  Sample frame for foreign Case Studies.                                                                              85                      
3.5:  Sample Size Distribution for selected churches                                                               86                     
3.6:  Summary of Research Design                                                                             90                      
3.7:  Operationalization of variables – Questionnaire instrument used                           92                      
4.1:  The adoption of acoustic treatment techniques by Our Lady Queen of  
 Nigeria Pro-Cathedral                                                                                       124                      
4.2:  Rating the Acoustic Treatment Goals                                                                             124                      
4.3:  The adoption of acoustic treatment techniques by Cathedral Church  
 of the Advent                                                                                                                   135                      
4.4:  Rating the Acoustic Treatment Goals                                                                                 135         
4.5:  The adoption of acoustic treatment techniques by First Baptist Church            144                      
4.6:  Rating the Acoustic Treatment Goals                                                                             144                      
4.7:  The adoption of acoustic treatment techniques by St. Mary’s Cathedral           152                      
4.8:  Rating the Acoustic Treatment Goals                                                                             152                      
4.9:  The adoption of acoustic treatment techniques by the Brasília Cathedral         158                     
4.10:  Rating the Acoustic Treatment Goals                                                                            158                      
4.11:  Response rate across selected Cathedrals                                                        159         
4.12:  Age distribution of the users of the Cathedral                                                   160         
4.13:  Gender distribution of the users of the Cathedral                                              160                      
xiv 
 
4.14:  Hearing impairments of the users of the Cathedral                                             161         
4.15:  Use of hearing aids by the users of the Cathedral                                            161         
4.16:  Frequency of church attendance of the users of the Cathedral                         162         
4.17:  Satisfaction of users with the sound quality when seated at the FRONT  
 section of the Cathedral when a public address system is in use                         162         
4.18:  Satisfaction of users with the sound quality when seated at the FRONT  
 section of the Cathedral when a public address system is NOT in use                163         
4.19:  Satisfaction of users with the sound quality when seated at the MIDDLE  
 section of the Cathedral when a public address system is in use                            164         
4.20:  Satisfaction of users with the sound quality when seated at the MIDDLE  
 section of the Cathedral when a public address system is NOT in use                165         
4.21:  Satisfaction of users with the sound quality when seated at the REAR  
 section of the Cathedral when a public address system is in use                         165         
4.22:  Satisfaction of users with the sound quality when seated at the REAR  
 section of the Cathedral when a public address system is NOT in use                166         
4.23:  Preferred seating section of the church when a public address system is  
 in use                                                                                                                       167         
4.24:  Preferred seating section of the church when a public address system  















LIST OF PLATES 
PLATES                                                                                                                                         Page 
2.1:   An Anglican Altar with its different embellishments                                            19       
2.2:   An Anglican baptismal font                                                                                   20           
2.3:    An Anglican Bishop’s chair                                                                                  21                      
2.4:   A Cathedral pulpit                                                                                                  22                      
2.5:   A lectern                                                                                                                 23                      
2.6:   Choir and clergy stalls                                                                                            24                      
2.7:   Anglican church pews with foam padding                                                            25                      
2.8:   Anglican choristers and clergy in a procession                                                    26                      
2.9:   An Early Christian Cathedral (Basilica of Saint Sabina)                                       29                      
2.10:  A Byzantine Cathedral (Hagia Sophia, Istanbul)                                                 30                      
2.11:  A Romanesque Cathedral (Petersborough Cathedral, England)                              31                      
2.12:  A Gothic Cathedral (Notre Dame de Paris, France)                                                       32                      
2.13:  A Renaissance Cathedral  (St. Peter’s Basilica, Vatican City)                                  33                      
2.14:  A Baroque Cathedral (St. Paul’s Cathedral, London)                                                   34                      
2.15:  A Gothic Revival Cathedral (Duomo di Milano)                                                             35                      
2.16:  A Modern Cathedral (Tokyo Cathedral)                                                              36                      
2.17:  Sound proofing in a recording studio (Acoustic Foam)                                     55                      
4.1:  A Bass Trap installed at a trihedral corner of a room                                         101                      
4.2:  Rigid fibreglass insulation panels                                                                           102                      
4.3:  A Ceiling cloud system.                                                                                      105                      
4.4:  A Wall-mounted sound diffuser.                                                                          106                      
4.5:  A Wall-mounted QRD                                                                                        107                      
4.6:  Helmholtz resonators of varying sizes for different desirable effects                 110                      
xvi 
 
4.7:  Acoustic Foam (tiles) applied to wall surfaces                                                   111                      
4.8:  Exterior views of Our Lady Queen of Nigeria Pro-Cathedral                                 116                      
4.9:  Sporting facilities for school                                                                            116                      
4.10:  Some site elements and facilities                                                                            117                      
4.11:  Ground floor plan showing geometry, seating arrangements, major  
 aisles and galleries                                                                                                                118         
4.12:  Interior views of Our Lady Queen of Nigeria Pro-Cathedral                                  119                      
4.13:  Doors of Our Lady Queen of Nigeria Pro-Cathedral                                         120                      
4.14:  Windows of Our Lady Queen of Nigeria Pro-Cathedral                                      120            
4.15:  Floor and finish materials                                                                                   121                      
4.16:  Wall structure and finish material                                                                            121                      
4.17:  Floor and finish materials                                                                                  122                      
4.18:  Cathedral Pews                                                                                                                 123                      
4.19:  Speakers and their placement                                                                           124                      
4.20:  Exterior views of Cathedral Church of the Advent (Northern façade)                126                      
4.21:  Site elements and facilities                                                                                 127                      
4.22:  Ground floor plan showing geometry, seating arrangements and major  
 aisles                                                                                                                  128                      
4.23:  Interior views of the Cathedral Church of the Advent                                       129                     
4.24:  Doors of the Cathedral Church of the Advent                                                    129                      
4.25:  Windows of the Cathedral Church of the Advent                                               130                      
4.26:  Floor finishes of the Cathedral Church of the Advent                                       131                      
4.27:  Floor finishes of the Cathedral Church of the Advent                                      131                      
4.28:  Wall surface and material                                                                                  132                      
4.29:  Acoustic materials at the altar area                                                                       132                      
xvii 
 
4.30:  Acoustic materials at the altar area                                                                             133                      
4.31:  Cathedral pews                                                                                                                 134               
4.32:  Acoustic materials at the altar area                                                                            134            
4.33:  Exterior views of the First Baptist Cathedral                                                                  136                      
4.34:  On-site features of the First Baptist Church                                                      137                      
4.35:  Interior views of the First Baptist Church                                                                         139                           
4.36:  Doors of the First Baptist Church                                                                           139                      
4.37:  Windows of the First Baptist Church                                                                          140                      
4.38:  Floors of the First Baptist Church                                                                           141                      
4.39:  Cathedral walls                                                                                                                141                      
4.40:  Ceilings                                                                                                               142                      
4.41:  Cathedral furniture                                                                                                                 143                      
4.42:  Cathedral services                                                                                                                 144                      
4.43:  Exterior views of St. Mary’s Cathedral                                                                            147                      
4.44:  Interior views of St. Mary’s Cathedral                                                                              148                      
4.45:  Western door of St. Mary’s Cathedral                                                                           149                      
4.46:  Cathedral Window glazing                                                                                  149                      
4.47:  Floor tiles                                                                                                                 150                      
4.48:  Bare finished concrete interior wall surfaces                                                      150                      
4.49:  Ceiling placement within the Cathedral interior                                                 151                       
4.50:  Cathedral Pews                                                                                                                151                      
4.51:  Site plan of the Brasília Cathedral showing exterior elements                               154                      
4.52:  View of the Brasília Cathedral showing interior elements                                      156                      
4.53:  Wall, ceiling and floor                                                                                                               157        
6.1:  Design sketches                                                                                                                187                         
xviii 
 
LIST OF FIGURES 
FIGURES                                                                                                                                       Page 
2.1:  A typical medieval cathedral plan (cruciform)                                                     39       
2.2:  A pie chart showing the division of acoustics amongst various disciplines         44           
2.3:   Reflection of a wave (Echoes)                                                                                              55                      
2.4:  A floor plan of a Fan Shape Auditorium                                                               56                      
2.5:  A diagrammatic analysis of Reverberation Times                                                57                      
2.6:  The Decibel Scale                                                                                                   57                      
2.7:  An analysis of sound diffusion in a hall                                                                58                      
2.8:  Use of variable ceiling forms to maximise Sound Diffusion in a hall                  58                      
2.9:  Elements of the Worthington Fitch-Hauser model of listening                              63                      
2.10:  The Worthington Fitch-Hauser Model                                                                  63                      
3.1:  Map of Abuja showing its area councils                                                            80                      
4.1:  Satellite Image of Our Lady Queen of Nigeria Pro-Cathedral                          115                     
4.2:  Satellite Image of the Cathedral Church of the Advent                                               125                      
4.3:  Satellite Image of First Baptist Church                                                             136                      
4.4:  Satellite Image of St. Mary’s Cathedral                                                            145                      
4.5:  Satellite Image of the Brasília Cathedral                                                          153                      
4.6:  Site plan of the Brasília Cathedral showing interior elements                                  156                      
4.7:  Satellite Image of Proposed Site                                                                       169                      
4.8:  Average mean monthly rainfall distribution (mm) in Abuja                                     172                      
4.9:  Average rainfall days in Abuja                                                                                                172                      
4.10:  Average monthly temperature in Abuja                                                             173                      
4.11:  Monthly humidity distribution (mm) in Abuja                                                  173                      




Cathedrals have existed for so long as the liturgical seats designated for presiding 
bishops. Previous studies showed the existence of challenges in the acoustics of 
Cathedrals. Therefore, this study investigated the acoustical treatment techniques used 
in enhancing users’ listening experience in selected Cathedrals with a view to apply 
its features in the design of an Anglican Cathedral in Abuja, Nigeria. The scope of this 
study was limited to listening experience as a perception of sound quality. The study 
area was limited to Abuja and the units of data collection were selected using specific 
selection criteria. The study adopted both qualitative and quantitative research 
approaches. Data were gathered with the aid of literature review, observation guide 
and structured questionnaire. Qualitative data were content analysed and quantitative 
data were analysed using Statistical Products and Service Solutions (SPSS) software. 
The results were presented with the aid of tables, photographic materials, architectural 
drawings, 3D visualisations and an animation. Findings from the study connote that 
the acoustics treatment techniques found in the examined cathedrals did not conform 
with known acoustic treatment techniques. This also corresponded with the significant 
number of dissatisfied users in the examined cathedrals. The study contributed to 
knowledge by designing an Anglican Cathedral using acoustics treatment techniques 
that were found to enhance listening experience. A recommendation for further 
research; design of a Concert Hall for Maximum Satisfaction by Users’, Nigeria. 
Keywords: Acoustics Treatment Techniques, Anglican Cathedral, Listening 
Experience 
 
 
 
 
